The survival of patients with head and neck squamous cell carcinoma (HNSCC) can be affected not only by progression of the original cancer or occurrence of a second cancer but also by noncancer health event (NCHE). In this study, we evaluated the prognostic significance of early NCHEs in HNSCC patients after definitive radiotherapy (RT) or chemoradiotherapy (CRT).
INTRODUCTION
M ore than half a million cases of head and neck cancer are diagnosed worldwide each year, making it the eighth most common cancer. 1 Recent advances in the diagnosis and treatment of head and neck squamous cell carcinoma (HNSCC) have mainly focused on the control of the presenting primary (index) cancer. 2 This has brought a slight improvement in overall survival. 3 Although improvement in disease control using the multimodal approach of combined chemoradiotherapy (CRT) has decreased cancer mortality, it has increased the risk of competing mortality in HNSCC patients. [4] [5] [6] Overall survival of HNSCC patients can be affected by competing events causing death, as well as by the progression of the index cancer or of a second cancer. Therefore, a better understanding of risk factors for competing mortality could lead to an improved overall survival.
Multiple factors have been suggested to affect the risk of competing mortality in HNSCC. A recent population-based study showed that increasing age, male sex, black race, unmarried status, localized disease, higher socioeconomic status, advanced stage, and nonsurgical treatment are closely associated with increased noncancer-related deaths among these patients. 7 This also suggested that grouping patients according to competing risk would simultaneously provide stratification for risk of all-cause mortality. Furthermore, an impending competing mortality might be predicted from noncancer-associated morbidities that develop after treatment. 8 An elevation in the rate of competing mortality could be caused by the development of competing noncancer health events (NCHEs), defined as readmission after treatment for HNSCC due to noncancer-related causes. 8 An NCHE can also be predicted by several risk factors, such as comorbidity, advanced stage disease, tumor recurrence, and occurrence of a second primary cancer (SPC). 8, 9 In particular, respiratory NCHEs are strongly associated with competing mortality in HNSCC. 9 The incidence of NCHEs and competing mortality is known to increase in patients who undergo nonsurgical treatment, including chemotherapy. 6, 9 To evaluate the prognostic significance of early NCHEs (those that required hospital readmission of the patient within 12 months after treatment) in HNSCC patients after definitive radiotherapy (RT) or CRT, we prospectively observed the incidence of NCHEs and cause of death. We hypothesize that early NCHEs after definitive treatments are major contributors to competing mortality in HNSCC patients and predict survival outcomes in patients with HNSCC. In this study, we evaluated the relationship between early NCHEs and competing and all-cause mortalities in HNSCC patients after definitive RT or CRT, and sought to find predictors of early NCHEs.
METHODS

Patients
A total of 190 patients with head and neck cancer met the inclusion criteria at our tertiary referral center between 2010 and 2013. The inclusion criteria were age >18 years; previously untreated, pathologically proven SCC arising in the oropharynx, larynx, hypopharynx, and/or nasopharynx; initially treated with RT or CRT and completed the treatment; no distant metastasis at initial presentation; and followed for more than a year after the initial treatment. Data were collected prospectively pretreatment, during treatment, and at follow-up. This study was approved by our institutional review board and informed consent from each patient was obtained.
Patients were treated with definitive RT or CRT according to the consensus of the multidisciplinary head and neck oncology team. The RT was intensity modulated. Radiation was administered in daily fractions of 1.8 or 2.0 Gy 5 days each week for 8 weeks. The total radiation dose per patient was 50 to 77.5 Gy. Concurrent chemotherapy consisted of high-dose cisplatin (75-100 mg/m 2 ) infused on days 1, 22, and 43 of CRT. Salvage surgery was indicated for patients with progressive or residual disease on primary tumor or neck after RT or CRT.
All patients had physical and endoscopic examinations at every clinic visit after the completion of the initial treatment. The patients were evaluated every 1 to 3 months in the first year, every 2 to 4 months in the second and third year, every 6 months in the fourth and fifth year, and annually thereafter. For suspicious lesions suggestive of recurrence of the index cancer or an SPC, biopsies and additional diagnostic tests were performed. Patients with a confirmed recurrence of the index cancer or with an SPC were scheduled for salvage or palliative treatment. Patients requiring symptom management or with other medical problems were seen more frequently and were hospitalized as necessary.
Definition of NCHEs, Early NCHEs, and Competing Mortality
An NCHE was defined as admission to the hospital after completion of initial treatment for any cause unrelated to the index cancer or an SPC. 8, 9 Events that resulted in a visit to the emergency department were not included, and nor were admissions for diagnostic workup. Events were recorded during the period from the end date of initial treatment to the last followup date and categorized according to the Common Terminology Criteria for Adverse Events. 10 Treatment-related morbidity requiring lengthened hospitalization during definitive treatment was not considered as an NCHE. The incidence of NCHEs during treatment for recurrent index cancer or for a newly developed SPC was not evaluated. To analyze the risk factors and association with mortality, early NCHEs were defined as those developing within 12 months after the completion of definitive treatment. Competing mortality was defined as death from any cause unrelated to the index cancer or an SPC.
Variables
Variables included patient age and gender, smoking history, alcohol consumption, body mass index (kg/m 2 ), marital status, educational level, residence, occupation, pretreatment serum hemoglobin, and albumin levels, Karnofsky performance status (KPS), tumor site, differentiation, and clinical tumornode-metastasis stage of the index cancer, treatment modality, occurrence of tumor recurrence and of an SPC, and performance of salvage surgery. Heavy smokers were defined as those with at least 30 pack-years. One drink was defined as 15.6 mL of pure ethanol (100%). 11 Co-existing morbidity was categorized according to the Charlson comorbidity index. 12 
Statistical Analysis
The x 2 test and Student t test were used to compare patients with and without an NCHE after definitive treatment. Coxproportional hazards model was used to examine the risk factors of early NCHEs, all-cause mortality and competing mortality according to the categorized values of the tested variables. Multivariate Cox-proportional hazard regression was performed with backward elimination of variables with P < 0.1 on univariate analysis. The estimated hazard ratio (HR) and 95% confidence intervals (CI) were calculated. The cumulative incidence probabilities of an NCHE and a noncancer-related death in the presence of other competing risks were calculated using the cumulative incidence function. The estimated causespecific HR and 95% CI were calculated. A two-sided P 0.05 was considered statistically significant. The statistical analyses were performed using SPSS version 21.0 (IBM, Armonk, NY) and R version 3.0.1 (R Project for Statistical Computing, http:// www.r-project.org).
RESULTS
The study cohort comprised 164 men and 26 women with a median age of 59 years (range, 20-83 years). The most common site of the primary tumor was the larynx (46.3%), followed by the oropharynx (22.6%), the nasopharynx (22.1%), and the hypopharynx (8.9%). Fifty-six patients (29.5%) had tumors of advanced T3-T4 stage, 84 patients (44.2%) had N1-N3 stage disease, and 94 patients (49.5%) were stage III-IV overall. Fifty-five patients (39.5%) received RT, 115 patients (60.5%) underwent CRT, and 37 patients (19.5%) underwent salvage surgery after RT or CRT.
An NCHE developed in a total of 33 (17.4%) patients at a median time of 6 months (range, 0-59 months) after treatment. Of the 33 patients, 22 (66.7%) had early NCHEs that developed within 12 months after treatment. The characteristics of the patients with and without an NCHE were compared and the results are shown in Table 1 . The KPS and serum albumin level were lower in the NCHE group than in the no NCHE group (P 0.05). The other variables were comparable between the 2 groups.
The median follow-up period of survivors was 39 months (range, 20-65 months). During the follow-up period, 11 patients (5.8%) died from the index cancer, and 12 patients (6.3%) died of noncancer-related causes; none died from an SPC. Local, regional, and distant failures occurred in 30 (15.8%), 24 (12.6%) and 8 (4.2%) patients, respectively. An SPC developed in 10 (5.3%) patients. Posttreatment recurrence was higher in the NCHE group than the no NCHE group (60.6% vs 19.7%, P < 0.001). The 3-year cumulative incidence of the index cancer event and of a NCHE was 27.3% and 15.7%, respectively ( Figure 1 ). The 3-year cumulative incidence of all-cause and competing mortalities was 9.4% and 4.5%, respectively.
Early NCHEs and Noncancer-Related Deaths
The causes of early NCHEs and noncancer-related deaths are summarized in Supplementary Table S1 , http:// links.lww.com/MD/A975. Early NCHEs occurred in 22 patients. The most common early NCHEs were from respiratory (n ¼ 5, 22.8%), cerebrovascular (n ¼ 3, 13.7%), and gastrointestinal (n ¼ 3, 13.7%) causes. The most common respiratory and gastrointestinal problems were pneumonia (18.2%) and dysphagia (9.1%), respectively. Major causes of the noncancer-related deaths were cerebrovascular (n ¼ 3, 37.5%) and respiratory (n ¼ 2, 25.0%) episodes.
Risk Factors of Early NCHEs
In univariate analyses, hypoalbuminemia (<3.5 g/dL), locally advanced tumor (stage T3-T4), positive nodal disease, advanced overall stage (III-IV), chemotherapy, and tumor recurrence were significantly associated with the occurrence of early NCHEs (P < 0.05 for each factor; Table 2 ). Multivariate analysis revealed that hypoalbuminemia (P ¼ 0.022, HR ¼ 3.66, 95% CI ¼ 1.21-11.1), chemotherapy (P ¼ 0.047, HR ¼ 3.02, 95% CI ¼ 1.01-8.98), and tumor recurrence (P ¼ 0.024, HR ¼ 2.66, 95% CI ¼ 1.14-6.22) were independent predictors of development of an early NCHE. Table 3 and Supplementary Table S2 , http://links.lww. com/MD/A975 show the results of univariate and multivariate analyses for competing mortality and all-cause mortality. The univariate analyses revealed that KPS (P ¼ 0.013), tumor recurrence (P ¼ 0.007), salvage surgery (P ¼ 0.008), and an early NCHE (P < 0.001) were significantly associated with competing mortality. In multivariate analysis, patients with an early NCHE were at a higher risk of competing mortality (P < 0.001, HR ¼ 22.6, 95% CI ¼ 4.21-121.00; Figure 2 ). The univariate analyses showed that tumor recurrence (P < 0.001), salvage surgery (P < 0.001), and an early NCHE (P < 0.001) were significantly associated with all-cause mortality. Patients with an early NCHE had an increased all-cause mortality rate (P ¼ 0.002; HR ¼ 4.44; 95% CI ¼ 1.76-11.2).
Risk Factors for Competing and All-Cause Mortalities
DISCUSSION
Our study has shown that early NCHEs play a central role in increasing both competing and all-cause mortalities. Twothirds of patients with an NCHE developed it within 12 months after definitive RT or CRT. Adverse effects from chemotherapy or RT can occur in both early and late phases after treatment. The head and neck encompass vital anatomy associated with functions critical for daily life, such as breathing, speaking, and swallowing. Despite recent advances in RT techniques, oral mucositis, oedema, xerostomia, and necrosis significantly affect the vital functions of the upper aerodigestive tract, causing dysphasia and aspiration. 13, 14 In addition, side effects of platinum-containing anticancer agents are well known in the oral and pharyngeal mucosa as well as in the kidneys, gastrointestinal tract, immune system, peripheral nerves, and inner ear. 15 Treatment-associated acute or late complications and comorbidities will contribute to deaths, and therefore reducing treatment toxicity is a major goal in the management of HNSCC. [16] [17] [18] [19] In addition, adverse effects appear to be more significant within a year of completing such nonsurgical treatments, potentially causing an increase in NCHEs. This is in line with the results of previous studies showing that nonsurgical treatment is an important risk factor for competing mortality. 6, 9 NCHEs are reported to be the major cause of noncancer-related deaths, 8, 9 and furthermore, our study emphasizes the clinical importance of early NCHEs in HNSCC patients who undergo the nonsurgical treatments of definitive RT or CRT.
A previous study showed that competing mortality may be affected by multiple factors, such as age, sex, race, marital status, socioeconomic status, tumor site and stage, and treatment modality. 7 We have previously shown the role of the NCHE in the development of competing mortality after definitive treatments. 8, 9 Significant associations between comorbidities, tumor recurrence, respiratory NCHE, and noncancer-related deaths were shown in a retrospective study of patients with advanced HNSCC arising in the oral cavity, oropharynx, larynx, and/or hypopharynx. 9 One or more comorbidity, tumor recurrence, and occurrence of a second cancer were independent predictors of both NCHEs and noncancerrelated mortality in the cohort. The results of the present study also suggested that tumor recurrence and early NCHEs were important risk factors in all-cause mortality. Performance status and salvage surgery were significantly associated with both competing and all-cause mortalities; however, this was only by univariate, not multivariate analysis. This may be explained by the differences in treatment modality, stage, and site of the tumor of the included patients.
Reliable prediction of NCHEs may identify patients at risk and improve competing mortality rates. If patients at risk of an NCHE receive close surveillance during and after treatment, such efforts may lessen the number of deaths from noncancerrelated causes. That the early NCHE is closely associated with increased competing and all-cause mortalities indicates that it is explain the association between tumor recurrence and NCHEs and all-cause mortality.
Our study has several limitations, including the variety of tumor sites among the cohort and a follow-up period of <5 years. The primary tumor location may affect metastatic potential, the natural course of the disease, clinical behavior, and the delineation of RT fields. Eighty-five of the 190 study patients (44.7%) had oropharyngeal or nasopharyngeal carcinomas, sites commonly associated with a viral etiology (human papilloma virus [HPV] or Epstein-Barr virus) and favorable survival outcomes. [23] [24] [25] In addition, a considerable number of patients (50.5%) were in early stages (I-II). Overall, these characteristics could explain the relatively favorable survival outcomes in our patient cohort. Data on p16 and HPV status were only obtained for some patients, we were therefore unable to analyze the utility of these biomarkers. 26 To confirm the results of the present study, a longer follow-up period recording NCHEs and cause of death is now required. The present study included a relatively large cohort of patients with HNSCC who underwent definitive RT or CRT, and the results could help clinicians to identify patients with risk factors for an early NCHE and thereby decrease rates of all-cause mortality.
In conclusion, our study showed that early NCHEs are a major contributor to competing and all-cause mortality in HNSCC patients receiving RT or CRT. The risk factors hypoalbuminemia, chemotherapy, and tumor recurrence predict an early NCHE. Our results may be used to help identify patients at risk and who will need close surveillance and supplementation to lessen the chances of succumbing to a competing mortality.
